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its greatest speed, an engine knocks or bumps in its bearings, it is a sign that it is insufficiently cushioned. This admits of theoretical explanation. If cushioned, as the piston approaches the end of its stroke A it will be stopping itself driving the crank, the force arising from inertia being at its greatest. Thus the force will have a tendency to close all the joints between the piston and the bearings in the direction BA} opening them in the direction Ali. On the admission of the steam, owing to the small clearance to be filled, the pressure suddenly rises to a greater value than the force of inertia, and the piston is, as it were, shot back by the pressure of the steam and the elasticity of the engine against the force of its inertia. The joints thus close towards B with a bump. This bump could not have occurred had not the reversal of the direction of the combined force and inertia been sudden when the joints were open towards A. By cushioning, the pressure of the steam which balances the inertia rises gradually, so that the joints which are at first open towards A close gradually.
As regards the first two advantages, the first of these must be regarded as hypothetical, or rather, as theoretical, and the second as imaginary.
The steam with which the clearance is filled is not all gain. This is well known. The work done in compression has to be deducted from the work done by the forward pressure of the steam, or the power of the engine will be diminished by the power spent in compression, while the entire friction and the losses by condensation remain the same. As these losses appear to be something like 40 per cent, of the theoretical power of the steam as used in the engine, there cannot be much margin for gain of steam. The advantage may be a little one way or the other, but it is not worth mentioning.
The second assumed advantage of cushioning, namely, the diminution of the mean pressure on the engine, vanishes when it is perceived that it is the working pressure of the inertia that is diminished. This assumption amounts to nothing more or less than assuming that the moving energy of the piston might be more efficiently stored and restored by compressing steam than it is by the crank. It has, however, been shown that the crank performs this work in the steam-engine with no loss, whereas in compressing steam there will probably be a loss of from 15 to 25 per cent, of the energy stored. This is the loss which has been shown to balance the gain in steam in (1). In respect of (2), therefore, the cushioning is a disadvantage. That this has not been practically perceived is because, as long as cushioning is only carried to the extent of filling the necessary clearance, then the loss and the gain, as in (1), are nearly balanced, as has already been shown.
The conclusion is, therefore, that cushioning should not be carried further than is sufficient to prevent bumping.